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摘 要
二十二碳六烯酸（DHA）作为人体必需的脂肪酸之一，它可以促使婴幼儿
脑部发育、保护视力和提高机体免疫能力。使用有机溶剂提取和精炼藻油DHA
过程中会造成藻油中有机溶剂残留和重金属污染的问题，以及由于DHA易氧化
会引起藻油DHA色泽、熔点和风味的改变。随着国内及国际市场上对藻油DHA
的质量标准不断提高，常规的藻油提取精制工艺获得微藻DHA产品往往由于有
机溶剂残留、重金属超标以及色泽和抗氧化等指标很难达到产品的质量标准，因
此有必要开发高效环保的提取方法。本文对DHA藻油的提取精炼技术进行深入
研究，并优化干法分提（物理分提）技术和抗氧化剂在藻油中的应用，为工业化
生产高品质藻油DHA产品提供解决方法。
首先，采用脱蜡及干法分提进行DHA藻油的提纯，通过单因素实验优化脱
蜡工艺，得到最优脱蜡工艺条件为：DHA藻油加热到65℃、结晶温度25℃、养
晶时间12 h，此时脱蜡效果最理想，脱蜡率为99.27%，DHA藻油中含蜡量仅为0.7
mg/kg。确定最优的干法分提条件为：平衡温度60℃，低温油降温速率0.2℃/h，
晶种添加量4%，冬化油降温速率0.1℃/h，冬化油养晶时间15 h。在此最优条件
下，干法分提制备常温油的得率为73.24%，常温油的熔点16℃，DHA含量49.43%，
制备冬化油的得率为64.92%，冬化油的熔点-4 ℃，DHA含量54.98%。
其次，对DHA藻油的脱色、脱臭工艺进行优化。采用活性白土、脱色砂和
活性炭三种脱色剂分别对DHA微藻油进行脱色研究，并从脱色温度、脱色工艺
及脱色剂的添加量等方面分析了它们对脱色效果的影响。得到最优脱色条件是：
脱色温度 50 ℃，脱色时间30 min，脱色砂添加量 3%。考察了脱臭工艺中脱臭
温度、脱臭时间、蒸汽量对藻油DHA的过氧化值、茴香胺值、油脂中DHA含量
和风味的影响，得到最优脱臭条件是：脱臭温度为190℃、脱臭时间3 h、蒸汽量
为4 kg。通过单因素优化获得最佳风味的DHA脱臭油。
最后，采用单因素实验和中心组合实验优化DHA藻油中柠檬酸、异抗坏血
酸钠、天然维生素E的添加量对DHA藻油抗氧化保护的影响，对实验结果进行方
程拟合，并对方程求解得到最佳抗氧化剂组合：柠檬酸含量为0.09%、异抗坏血
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酸钠含量为0.04%、天然维生素E含量为0.10%，此时理论的DHA藻油POV为0.29
meq/kg，试验值为0.28 meq/kg，说明此抗氧化剂组合对DHA藻油具有很好的抗
氧化保护作用。
关键词：DHA 藻油；脱蜡；干法分提；脱色；脱臭；抗氧化剂
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Abstract
Docosahexaenoic acid (DHA) is a kind of human body required omega-3 poly-
unsaturated fatty acid (PUFA), and it can promote brain development in infants and
children, protect eyesight and improve the human immunity, and other important
physiological functions. With improvement of DHA algal oil quality standards in
domestic and international market, the conventional algal oil refining process cannot
obtained quality microalgal DHA production because of organic solvent residue,
excessive heavy metals, the change of colour, melting point and flavor due to easily
oxidation characteristics of DHA. In this study, the dry fractionation and applications
of antioxidants in the algal oil were optimized in order to achieve high quality DHA
product during the DHA algal oil refining process.
First, dewaxing and dry fractionation process were applied to improve the
purification of DHA algal oil. The optimal dewaxing process conditions were
obtained as follows: The heating temperature was 65 ℃ , the crystallization
temperature was 25 ℃ , and crystallization time was 12 h. Under these optimal
conditions, the dewaxing rate up to 99.27% was achieved, and the wax content in
DHA algal oil was only 0.7 mg/kg. Subsequentially, the optimal conditions for dry
fractionation were determined as follows: equilibrium temperature was 60 ℃ ,
cooling rate for low temperature oil was 0.2 ℃/h, seed load was 4%, cooling rate for
winterization oil was 0.1 ℃/h, and crystallization time was 15 h for winterization oil.
Under the optimal conditions of the dry point method, the yield of normal oil was
73.24%, the melting ponit of normal oil was 16 ℃ , and the DHA oil content
increased to 49.43%. The yield, the melting point, and DHA content of
winterization oil were 64.92 %, -4 ℃ and 54.98 %, respectively.
Second, the decolorization and deodorization process of DHA microalgal oil
were optimized. Activated clay, decolorization sand and three kinds of active carbons
were used in decolorization process, respectively. The effects of decoloring
temperature, decoloring time and amount of decoloring agent addition on
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decolorization were investigated. The optimization decoloring conditions were
obtained as the temperature of 50 ℃, time of 30 min, and addition of 3% of
decoloring agent. In the deodorization process, the effects of deodorization
temperature, time, and steam amount on peroxide and anisidine value, DHA content
and flavor of algal oil were also investigated, The optimization deodorization
conditions were deodorization temperature of 190 ℃, time of 3 h, steam amount of 4
kg.
Finally, the effects of citric acid, sodium ascorbate and natural vitamin E as
antioxidant on stability of DHA algal oil were investigated by the single factor
experiment and the central composite design. The optimal antixoidants combination
was obtained by equation modeling and as follows: citric acid 0.09%, sodium
ascorbate 0.04%, and natural vitamin E 0.10%. The theoretical and experimental POV
values of DHA algal oil were 0.29 and 0.28 meq/kg, respectively. The results
indicated that the antioxidant combination has good antioxidant effect for DHA algal
oil.
Key words ： DHA algal oil; dewaxing; Dry fractionation; Decolorization ；
Deodorization; Antioxidants
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